6800 Programming - Introduction 

This section of our manual has been written to help you begin 
programming your 6800 Computer System. Programming is a complicated 
subject. This manual describes only the two more basic levels of 
programming, machine language and assembly language. With the material 
contained in this manual you should be able to learn the basic principles 
of programming. Take things slow and reread the material as many times 
as necessary to understand what is being said. Since trial and error 
is one of the fastest learning methods, don’t be afraid to sit down and 
experiment with some short programs. Unlike hardware, errors in 
programming, or software as it is often calledj cannot damage anything. 

- 

So experiment with programs until you understand the material presented 
here. 

The What Is An Assembler" section of this manual should be mastered 
as a first step. Most bf the material in the Motorola "Microprocessor 
Programming Manual" assumes an understanding of both assembler and 
machine language programming. Chapter five of this manual goes into 
detail describing the 6800 assembler. It is important that you learn 
it now since all user programs should be written using assembler 
mnemonics and then hand assembled into machine language. Not doing 
this will make it impossible for you to look at each program statement 
and know what it does. Chapter five’s material on editing, listing 
and saving programs applies only to timeshare services. 
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You should read pages PROG-1 through PROG-5 of the programming 
section in this notebook next. Pages PROG-1 through PROG-3 describe in 
detail the various methods of addressing and must be learned. Without 
knowing which instruction addressing mode to use, writing a program 
will be virtually impossible. Pages PROG-4 through PROG-5 describe 
the calculations that are needed when hand assembling programs that 
contain branch instructions. When a resident assembler program is 
used with the computer, labels are provided in the source code and the 
assembler program makes the necessary calculations for you. 

Appendex A of the Motorola "Microprocessor Programming Manual" 
contains all of the assembler mnemonic instructions as well as their 
hexidecimal machine language equivlaents. You should read through this 
section several times to get familar with the instructions that are 
available to you in the 6800 processor. When you start writing your 
programs you will ‘find this information indispensible. 

Appendex B contains the list of assembler directives which are 
instructions used only for the assembler. They have no function 
when programming in machine language, however, are nice to know when 
reading the assembler source listings in the systems manual. 

Pages PROG-6 through PROG-21 contain sample programs which may be 
useful to the reader. Pages PROG-21 through PROG-29 contain some 
sample PIA polling routines which would be useful to those using 
parallel interface options. 
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What is an Assembler ? 


Throughout this notebook as well as the Motorola Programming Manual you 
will repeatedly encounter the word "assembler" as well as printouts of its source 

' ft . ■” " . ’ I 

code listings. To those of you already familar with assemblers these terms shouxd 
be easily understood, To others just learning about computers, this can be a 
confusing subject. Before we can explain the term "assembler" though, you must 
understand how programs are loaded, stored and executed within the computer's 
memory. 

The SWTPC 6800 Computer System has a read-only-memory (ROM) stored mini- 
operating system with a memory examine and change function which allows the user 
to enter either programs^or data into the computer's memory from the terminal's 
keyboard in convenient hexadecimal (base 16) notation. The data is entered from 
whatever starting location the user chooses and is loaded sequentially with the 
operating system incrementing the memory address after each location has been 
loaded. 

If we were to look at a listing of the data that was loaded into memory, 
it might look like this: 


A017 2B 
A018 FE 
A019 A0 
A01A 02 
A01B 86 
A01C 01 
A01D A7 
A01E 00 
A01F A1 
A020 00 


( 
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The column of numbers on the left is the hexadecimal address at which 
the hexadecimal data on the right is stored. As it happens, the data loaded into 
these ten locations is a portion of a program loaded into memory using the memory 
examine/change function of the mini-operating system. The first location A017 
although part of the program is used only for storing data, the rest of the nine 
addresses starting with address A018 contain actual program instructions. Before 
the program is to be started, the program counter must be loaded with the address 
of the starting byte of the program using the "display contents of MPU registers" 
function of the mini-operating system. To actually start the program, one uses 
the go to user's program" function of the mini-operating system which transfers 
processor control to the instruction pointed to by the program counter. In this 
case the instruction is FE which translates to load the index register with the 
co ntents of the memory address given in the next two bytes (A002). Since the 
index register is a two byte register, the least significant byte Is filled with 
the contents of the next sequential address which is A003. For simplicity this 
and other instructions are abbreviated to three letter terms called mnemonics. 

The mnemonic for this instruction is LDX for LoaD indeX register. The particular 
type of addressing used here is referred to as "extended" and is described in detail 
later in the literature. So now we can say the instruction FE is the same thing 
as LDX, extended. This is defined as a three byte instruction since a total of 
three memory bytes are used for the entire instruction. The data is stored 
in locations A018, A019, and A01A. The program counter was incremented by 
one as each of the preeeedlng memory locations were processed and at the 
completion of the last byte of the instruction, was left pointing to the 
next instruction location at address A01B which is 86. The instruction 86 
means to LoaD Accumulator A with the contents of the memory location immedi¬ 
ately following the instruction which is 01. This is referred to as the 
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immediate mode of addressing and is described in detail later in the literature. 

Our mnemonic for this instruction is LDA A, immediate which stands for LoaD 
Accumulator A and it is a two byte instruction. At the completion of this instruc¬ 
tion, our program counter is left pointing to memory address A01D whose contents 
are an A7 which is a STore Accumulator A indexed by 0, instruction. The mnemonic 
here is STA A, indexed. 

This means the contents of accumulator A are stored at the address 
contained within the index register plus the index value, which is contained in 
the memory location immediately following the instruction which in this case is 
zero. This instruction like the one following it is a two byte instruction. 

The next instruction is an A1 whose mnemonic is CMP A, indexed, which translates 
to _CoMPare accumulator A to the memory location pointed to by the address contained 
in the index register plus zero. And so the program continues. 

It's probably obvious by now that having to write a program in two digit 
hexadecimal form usually referred to as machine language can really be hard to in¬ 
terpret unless you are able to memorize the mnemonic translation for all of the hex¬ 
adecimal instructions. Wouldn't it be easy if you could write your program using the 
easy to remember mnemonics and let the computer translate them to their machine lan- 
gauage equivalents to be loaded into memory? Well this is what the assembler does 
and in addition allows the programmer to use lables and comments with statements and 
add assembler directives which allocate memory storage locations and start the program 
in the selected memory address just to mention a few. The assembler also detects 
and prints out detected errors in the source program. So as you can see the as¬ 
sembler is simply a program which allows the programmer to save time and simplify 
his program writing by using labels, simple mnemonic commands, and assembler direct¬ 
ives. The assembler program itself is several thousand bytes in length and is 
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usually loaded from a tape reader. It is far too long to be typed in manually. 

The mnemonic written program to be assembled is generally entered from 
a tape that has been generated by what is called an editor. The editor is a prog¬ 
ram used to generate a new or modify an already existent source program. The editor 
allows the user to enter, delete, modify or insert data to a source file. When the 
programmer is satisfied with the accuracy of the file, a tape is generated which 
may then be-assembled by the assembler. If there are errors or if you choose to 
modify the program, the editor/assembler sequence may be repeated as often as 
necessary. Like the assembler, the editor is several thousand bytes in length 
and is far too long to be typed in manually. 

Since the SWTPC editor/assembler software package will not be available 
until early 1976, many users will have to enter their programs in machine language. 
It is suggested that you write your program in assembler form using mnemonics as 
detailed later in the literature and then at the same time jot down the hexa¬ 
decimal machine code just to the left of the instructions. You should be able to 
fill in all of the machine codes as you go along with the exception of forward 
referenced branch and jump instructions which you can go back and fill in after you 
have completed writing the program. This hand assembled method was used when writ¬ 
ing the diagnostic pro-grams in the software section of this notebook. You may even 
find that it is quicker to hand assemble those programs less than fifty words or so 
than to use the editor/assembler package. 
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Addressing Modes 

The MPU6800 microprocessor has five addressing modes available to 
the programmer. 

1. Immediate : In this mode of addressing, the operand is contained 

in the next memory location. For example, to execute 
a "load accumulator with the hex number 55" instruction, 
it would look like this in memory. 

Memory Location Binary Contents Hex Contents 

100 10000110 86 (LDA A IMM) 

101 01010101 55 (DATA) 

86 (in hex) is the LDA A immed. instruction. 55 
(in hex) is the data. The result after the above is 
the hex number 55 has been loaded into the A accumu¬ 
lator. 

2. Direct : In this mode of addressing the address of the operand 

is contained in the next memory location. This enables 
one to directly address the first 256 bytes of memory 
(0-255=256 Bytes). As an example, to load accumulator 
A with the contents of address 67 (in hex), con¬ 
secutive memory locations would look like this. 

Memory Location Binary Contents Hex Contents 

100 10010110 96 (LDA A DIR) 

101 01100111 67(Address that 

contains data 

_ 

96 (in hex) is the LDA A Direct instruction. 

67 (in hex) is the address where the data is to 
be fetched from. So, whatever is in location 67 
would be loaded into accumulator A. 

3. Extended : This mode of addressing is used to address memory 

locations above 255. In this mode of addressing, the 
next memory location contains the higher order 8 bits 
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4. Indexed: 


of the address, and the 2nd memory location contains 
the lower order 8 bits of the address. For example, 
to load the A accumulator with the contents of memory 
location hex 4057, the consecutive memory locations 
would look like this. 

Memory Location Binary Contents Hex Contents 

100 10110110 B6(LDA A EXT) 

101 01000000 40(ADDR HIGH) 

102 01010111 57(ADDR LOW) 

B6(in hex) is the LDA EXT instruction. 40 (in hex) 
is the most significant half of the address where the 
data is stored and 57 (in hex) is the least significant 
half of the address where the data is stored. After 
the above execution, whatever is in location 4057 will 
be loaded into accumulator A. 

In this mode of addressing, the address contained in 
the next memory location is added to the contents of 
the index registers lower 8 bits to form a new "effec¬ 
tive address". If there was a carry, it is added to 
the upper 8 bits of the index register. The new 
"effective address" is the location in memory which 
contains the operand. The "effective address" is held 
in a temporary address register such that the contents 
of the index register are not destroyed. As an example, 
if the index register contains hex 14, and a load 
accumulator A from hex location 21 indexed by the contents 
of the index register is executed, the address of 21 
(located in the next memory location) is added to the 
contents of the index register (14) to form a new 
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"effective address" of hex 35. 

Memory Location Binary Contents Hex Contents 

100 10100110 A6(LDA A IndexedO 

101 00100001 21 

A6(in hex) is the LDA INDEXED instruction. 

21 (in hex) contains part of the address of the 
instruction. To the address of 21 must be added the 
contents of the index register to form a new "effective 
address" hex of 35 (21 + 14). After the above execution, 
the contents of memory location hex 35 will be loaded 
into accumulator A. 

5. Relative: In this mode of addressing, program control is 

transferred to someplace other than the next sequential 
memory location. Transfer in this mode, is limited 
to 125 memory locations back from the present location 
or 129 locations ahead of the present location. Since 
this is a 2 byte instruction in that it takes two 
memory locations, transfer is always referenced from 
the next instruction which the MPU would execute if 
it did not transfer control(or relative to the present 
count of the program counter). All transfers back 
from the present location are given in 2's complement 
(represented in hex) from the (present location + 

0002 ). 

All transfers forward are given in the actual count 
forward from (the present memory location + 0002) 
to the memory location where program control is 
transferred. The actual count forward is given in 
straight binarv (represented in hex). 
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TRANSFER FORWARD FROM PRESENT LOCATION 

Assume it is desired to branch from the present location at 0100 + 

0002 (in hex) to location 0147 (in hex). First, it should be verified 

that the branch is not beyond the allowable range of 179 locations from the 

present location. 45 (in hex) = 5X16° + 4xl6'=5+64- 69 (decimal) 

Therefore 45 hex is within our allowable range. At memory location 0100, 

a BRA instruction is stored. Memory location 0101 contains the count of 

memory locations which will be branched over starting from 0102. 

Final Destination = 0147 

Present Location + 0007 = 0102 

Number of Locations - 45 

to Branch over 

Memory Location Binary Contents Hex Contents 

0100 00100000 20 (BRA) 

0101 01000101 45 (No. of locations to 

branch over) 

20 (in hex) is the BRA (Branch Always) instruction. 

45 (in hex) is the number of locations which will be branched over starting 
with 0107. Therefore, the next instruction the MPU will execute will be 
located at 107 + 45 or hex location 0147. 

TRANSFER BACK FROM PRESENT LOCATION 

Assume it is desired to branch from the present location of 0100 back 
to memory location 0090. This is accomplished in a similar manner as the 
forward branch, except the number of locations is given in 7’s complement 
(represented in hex) from the present location + 0002. The 2's complement 
form places a 1 in bit 8 which, in effect tells the processor to branch 
back rather than forward. 

Present location + 0002 * 0102 (hex) 

Final location ~ 0090 (hex) 


Number of locations to 
branch back over 


72 (hex) 
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Number of locations to branch back over = 01110010 (72 hex) 

l's complement = 10001101 

?'s complement = 10001110 (8E) 

Memory Location Binary Contents Hex Contents 

0100 00100000 20 (BRA) 

0101 10001110 8E (No. of locations to 

Branch back over) 

20 (in hex) is the BRA (Branch Always) instruction. 8E is the number 
of locations (in 2's complement) which will be branched back over start¬ 
ing from 0102. (present location + 0002 which is the count in the program 
counter). Therefore, the next instruction the MPU will execute will be 
located at memory location 0090 (hex) 
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Sample Program 

Problem: Write a program, in machine language and in 

M6800 source language, to add the deciaml numbers 
25, 35, 50, and 17. Store the answer at RAM 
location OA. Assemble the source program and 
compare the assembled program with the machine 
language program. 


Solution: 

35 1 0 - 43 8 « 100011, 

- 23 16 


5°i 0 “ 62 g = 110010 2 

- 32 16 


17 10 " 21 8 “ 010001 2 

- U 16 


25 10 “ 31 8 = ° 11001 2 

- 19 16 

Memory(in HEX) 

Machine 

Comment 

Location 

Language 

000B 

10000110 (86) 

LDA A IMM 

oooc 

00011001 (19) 

DATA TO BE PUT IN A 

000D 

11000110 (C6) 
00100011 (23) 

LDA B IMM. 

000E 

DATA TO BE PUT IN B 

000F 

00011011 (IB) 

ADD THE A & B REGISTER 

0010 

11000110 (C6) 

LDA B IMM 

0011 

00110010 (32) 

DATA TO BE PUT IN B 

0012 

00011011 (IB) 

ADD THE A&B REGISTER 

0013 

11000110 (C6) 

LDA B IMM 

0014 

00010001 (11) 

DATA TO BE PUT IN B 

0015 

00011011 (IB) 

ADD THE A&B REGISTER 

0016 

10010111 (97) 

STORES A IN LOCATION 

0017 

00001010 (0A) 

0A 
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LIST 

R0N4 

1 00 
105 
11 0 
13 0 
140 
15 0 
160 
170 
180 
19 0 
£ 0 0 
£05 


09:30 PHENIX 05-£9-74 


NflM SfiMP 
QRG 1 0 
TEMP RMB 1 
LDR fl «£5 
LUR B «35 
RBR 

LDR E «S32 
RBR 

LDR B 1 
RBR 

STR R TEMP 
END 




RERDY 

RUN : MF'CfiSM > M 0 01 


MPCRSM 


09:31 


SAKE PROCfcAKA 
WRVTTClO IK) KPO 
MI 06 Kok)\c codmocl 

tMOtCfclES lMM€Ol/VT£ 

/ 4 HE* WVJMfcgfc 

<5. 110 DIC AT 6S OCTAL 

05 ••-'£9-'74 


MDTDROLR 3RD j INC. OWNS RND IS RESPONSIBLE FOR MPCRSM 
COPYRIGHT 1974 BY MOTOROLR INC 


MOTOROLR MF'IJ CROSS RSSEMBLER> RELERSE 1 .0 
I FILENAME 


ENTER 
RON 4 


F'RGE 1 SAMP 


0 5 £ 9 .••-74 09 :3£ . 0 0 


0 01 0 0 
0 01 05 

00 OR 


NflM 

ORG 

SAMP 

10 


MPO MtsJEKKOUlC 

0 011 0 
00130 

0 0 OR 
00 0B 

0 0 01 

86 19 

TEMP RMB 

LDR R 

1 

::£5 


COOED TEOCIEAKA 

0 014 0 

0 0 0D 

C6 £3 

LDR B 

”35 


ASSEMBLED BY 

0 015 0 
0 016 0 

0 0 OF 
0 01 0 

IB 

C6 32 

RBR 

LDR B 

«S3£ 


> TIME. 

0 017 0 
0 018 0 

0 01 £ 
0013 

IB 

C6 11 

RBR 

LDR B 

”5d 1 


ASS £ HBLEfc 

0 019 0 

0015 

IB 

RBR 




0 0£ 0 0 

0 016 

97 OR 

STR R 

TEMP 



0 0£ 05 



END 





SYMBOL TABLE 


TEMP 00OR 
ENTER SI FILENAME 
~’F 


I 


ERRLN:: 


RUNNING TIME: 9.1 SECS 


I/O TIME : 


6 . c - E L O- 
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Sample Program : Loading and Storing Data 
Write a program for the following sequence. 

1. Begin with data 7F and load it into the A accumulator then store the data 
in memory location 50. 

2. From location 50, load the data into the B accumulator then store it 
extended in memory location 0113. 

3. Reload data into the A accumulator from the extended memory location and 
store the data in location 6A then Jump back to the beginning. 

Assume this program will be used in a microcomputer system with Hex Ram 
addresses 000 through 200 (512 bytes) and Rom addresses 800 through FFF 
(2048 bytes). All numbers are in Hex relation. 


Source Program 


EDU1 

12:09EST 

02-06.-'75 


10 0 

NAM LTR1 



101 

OPT MEM 



102 

□RG $6A 



103 

TEMP RMB 1 



105 

ORG $0800 



110 

START LDA A «$7F 

START OF 

PROGRAM 

12 0 

STA A $50 



130 

LDA B $50 

ADDRESS OF 

DATA 

14 0 

STA B $0113 



150 

LDA A $0113 



180' 

STA A TEMP 



19 0 

JMP START 



20 0 

MON 




Assembled Program 


0 010 0 

0 01 01 
00102 

006A 




NAM 

□PT 

□RG 

001 03 
0 01 05 

006A 
08 0 0 

0 0 ( 

n 

TEMP 

RMB 

□RG 

0011 0 

08 0 0 

86 

7F 

START 

LDA 

00120 

08 02 

97 

50 


STA 

00130 

0804 

D6 

50 


LDA 

00140 

0806 

F7 

0113 


STA 

00150 

0809 

B6 

0113 


LDA 

00180 

08 OC 

97 

6A 


STA 

00190 

00200 

08 OE 

7E 

0800 


JMP 

MOM 


LTR1 

MEM 

$6A 

1 

$0800 

A «$7F START DF PROGRAM 

R $50 

B $50 ADDRESS DF DATA 

B $0113 
A $0113 

A TEMP 
START 
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Sample Program : Subtracting absolute value of two numbers 

Problem: Calculate a quantity Z which will be the absolute value 
of Y subtracted from the absolute value of W. If the 
result is less than or equal to zero, set Z equal to 
zero. 


z = |W| - |Y| 

if |U| 

Z = 0 

if |U| 


Source Program for Absolute Value Problem 


1 0 0 

NRM FIBS 



no 

□PT MEM 



12 0 

ORG 0 



130 

!.J RMB 1 



14 0 

Y RMB 1 



15 0 

Z RMB 1 



160 

□RG *0500 



17 0 

LDR R W 



ISO 

B6E Z1 

IS W POSITIVE 


19 0 

MEG R 

W I.I.IRS MEG. MAKE 

POS. 

20 0 

Z1 LDR B Y 



210 

BGE Z2 

IS Y POSITIVE 


22 0 

MEG B 

Y I.1.IRS NEG» MAKE 

POS. 

230 

Z2 SBR 

SUBTRACT Y FROM 

W 

24 0 

BGT Z3 

IS Z POSITIVE 


25 0 

CLR R 

RESULT WAS ZERO 

OR MEG 

26 0 

Z3 STR R Z 

ANSWER 


27 0 

MOM 




Assembled Program for Absolute Value Problem 


0 01 0 0 





NflM 


RBS 



00110 





OPT 


MEM 



00120 

0 0 0 0 




□RG 


0 



00130 

0 0 0 0 

0001 

1.1.1 

RMB 


1 



00140 

0 0 01 

0 001 

Y 

RMB 


1 



00150 

0 0 02 

0001 

—j 

RMB 


1 



00160 

0500 




□RG 


*0500 



00170 

05 0 0 

96 

00 


LBR 

R 

W 



0 018 0 

0502 

2C 

01 


BGE 


Z1 

IS W POSITIVE 


0 019 0 

05 04 

40 



MEG 

R 


W WAS MEG. MAKE 

POS. 

0 02 0 0 

0505 

D6 

01 

Z1 

LDR 

B 

Y 



00210 

0507 

2C 

01 


BGE 


Z2 

IS Y POSITIVE 


00220 

0509 

50 



MEG 

B 


Y WAS NEGj MAKE 

POS. 

00230 

05 OR 

10 


Z2 

SBR 



SUBTRACT Y FROM 

W 

00240 

05 OB 

2E 

01 


BGT 


Z3 

IS Z POSITIVE 


00250 

05 OD 

4F 



CLR 

R 


RESULT WAS ZERO 

OR NEG 

00260 

05 OE 

97 

02 

Z3 

STR 

R 

Z 

ANSWER 


00270 





MDN 
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YES 



A > 0 
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CYCLE BY CYCLE DESCRIPTION OF SAMPLE PROGRAM 


01 


02 


CYCLE 0 





LDA A 
WITH 2 


1 MICROSECOND 


ADD A TO 
3 


ST A A IN LOC 402B 


01538 


ROM ADDRESS 

ROM CONTENT 

INSTRUCTION 

0018 

86 

LDA A #2 

0019 

02 


001A 

8B 

ADD A #3 

001B 

03 


001C 

F6 

STA A $402.B 

00 ID 

40 


001E 

2B 



# INDICATES IMMEDIATE MODE OF ADDRESSING 

$ INDICATES A HEX NUMBER 

NOTE: ADDRESS 402B MUST BE A RAM, PIA, OR ACIA. 

DESCRIPTION OF PROGRAM: The A register is loaded with the number 2. 

Then the number 3 is added to the 2 in the A 
register with the result of 5 left in the A 
register. The 5 in the A register is then 
stored in location 402B. 



















PROG-12 


Cycle By Cycle Description of Sample Program 

Cycle Description 


The program counter is assumed to be set at 0018. 

The program counter is gated onto the Address Bus (A0-A15) and 
the read/write (R/W) line is put in a high state corresponding 
to a read condition. This results in ROM address OOIS 1 be 
accessed and the contents of this address (86) being loaded 
in to the instruction register (IR). The program counter is 
then incremented and becomes 0019. 

The byte "86" in the IR is decoded and interpreted to be a 
load A immediate (LDA A IMM) instruction. Simultaneously the 
program counter is gated onto the Address Bus and the R/W line 

nL, Se L high £°^ es ? ondin S to a read condition. This accesses 
ROM address 0019 with the contents of this address (02) beini 
put on the Data Bus (D0-D7). Since the instruction was decode! 
to be a LDA A immediate, the "02" is loaded into the A registei 
The program counter is then incremented and becomes 001A. 

The sequence in (1) is repeated except ROM address 001A is 
accessed resulting in 8B being loaded into the instruction 
register. The program counter is incremented to 001B. 

The sequences in (?) is repeated except the instruction is 
decodeci to be an ADD A immediate. Thus, the data "03" is 
?, dd f d fc ° the A register giving a result in the A register of 
up . ihe program counter is incremented to 001C. 

The sequences in (1) is repeated which results in F6 being 
i™i"ed S e 00?D' rUCtlOn reglster - The center Is 

The instruction register is decoded and determined to be a STA 
A extended. This causes the MPU to intemret thp npv-r rr.ro 


8 


7 



corresponding to a write. The data in the A regist. 
gated onto the data bus and stored in location 402B. 


9 
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Sample Program: Multiply Routine #1 


This handout documents the procedures followed to 
solve a typical problem using the M6800 software and soft¬ 
ware aids. The problem was the multiplication of two 
unsigned eight bits numbers. 

The objective was to show the general method involved 
in using the Motorola Cross Assembler and Simulator to 
assist the programmer. The chart below illustrates the 
steps followed: 


PROBLEM DESCRIPTION 

FLOW CHART 

♦ 

MNUEMONIC CODING 

* 

ASSEMBLY 

i 

SIMULATION (VERIFICATION) 


THIS PROGRAM IS FOR ILLUSTRATION ONLY. 

IT IS NOT THE MOST EFFICIENT MULTIPLY 
ROUTINE. IT IS SHOWN ONLY AS AN EXAMPLE 
OF PROGRAMMING TECHNIQUES. 
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bit # numbers 
ocations 


^£? utine I'MULT" will multiply two unsigned 
(NUMl & NUM2) and store the 16 bit result in _ 

ANSI (Least significant 8 bits) and ANS2 (Most signifi¬ 
cant 8 bits). The algorithm used can be best explained 
by an example: 


10000001 

11111111 



ldOdOOOl 

1 

0000001 

1C 

000001 

10C 

00001 

1000 

0001 

loooq 

001 

100000 

01 

100000C 

1 

*10000000 

01111111. 

■ r— —* 


ANS2 


ANSI 


(Multiplicand) NUMl 
(Multiplier) NUM2 


ANS2 is generated by shifting the multiplicand one 
bit to the right and then examining the most signifi¬ 
cant bit of the multiplier--if it is a " 1 ", the 
multiplicand is added to ANS2. The multiplier is 
then shifted one bit to the left and the proceedure 
(1) is repeated. This is done seven times to generate 
the seven terms of ANS2. No carry bit is possible 
from these additions. 

ANSI is generated by examining the least significant bit 
of the multiplier-if it is a " 1 " the multiplicand is 
added to ANSI. The multiplicand is then shifted left one 
bit and the multiplier is shifted right one bit. 

The proceedure (2) is repeated eight times to generate 
the eight terms of ANSI. If a carry occurs after 
any of these additions, one is added to ANS2. 
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MULT 


C(NUM1)-*A 

C(NUM2)-*B 

0-^ ANSI 

0-*ANS2 

0-*C 

7-^X 

i 


A —► NUM1A 
0-*.A 

ROR NUM1A 



8-*X 

C(NUM1)-*A 
A-»NUM1A 
0-*. A 

C(NUM2)-*B 


YY3 


YY4 


C(NUMIA) + A 

YES 

B REG. ^ 

NO 


ASL NUM1A 

♦A 


Xbit o = JX 



X-1-^X 




01542 
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SOURCE LISTING 


LMULT 


09:06 


PHEMIX 


06 -1 


£•-74 



50 MRM RMULT 
60 DRG 0 
70 OPT MEM 

95 ♦ 

96 ♦ 

100 RMS1 RMB 1 
110 RNS£ RMB 1 
1£0 MUM1 RMB 1 
130 MUM£ RMB 1 
140 MUM1R RMB 1 

145 ♦ 

146 ♦ 

190 ORG 10 0 0 

195 ♦ 

196 ♦ 

£00 MULT LDfi R MUM1 
£10 LBfi B MIJM£ 

££0 CLR RMS1 
£30 CLR RMS£ 

£40 CLC 
£50 LBX -7 
£60 STR R MUM1R 
£70 CLR R 
£80 ROR MUM1R 
£90 YY1 TST B 
300 BPL YY£ 

310 RDB R MUM1R 
320 YY£ CLC 
330 ROR MUM1fi 
340 RSL B 
350 BEX 
360 BME YY1 
370 STR R RMS£ 

380 LBX «8 
390 LBfi R MUM1 
400 STR R MUM1R 
410 CLR R 
4£ 0 LBR B MUM£ 

430 YY3 CLC 
440 ROR B 
45 0 BCC: YY4 
453 RBB R MUMlfi 
456 BCC YY4 
460 IMC RMS£ 

470 YY4 RSL MUM1R 
48 0 BEX 
490 BME YY3 
500 STR R RMS1 
510 RTS 
600 MOM 


;mumi=mijltiplier 

; MUM£=MULTIPLICRMB 


;ldop coumt 


5SET COMB. COBES RCC.TO B 
5CHECK FOR fll IM BIT 7 
jOVERFLOW MOT POSSIBLE 


? COMTIMUE UMTIL X=0 

;loop coumt 


;IF CRRRY >IMCREMEMT RMS£ 


RERBY 


?COMTIMUE UMTIL X=0 
JFIMISHEB »EXIT TO MAIM 





ASSEMBLY LISTING 
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PAGE 

1 RMIJLT 06--12-74 

09 : n 

■ 

0 0 


0 0 05 0 




riRM 


RMIJLT 


0 0 06 0 

0 0 0 0 



□R:6 


0 


00070 




□FT 


MEM 


0 0i095 



♦ 





0 0096 



♦ 





0 01 0 0 

0 0 0 0 

0001 RMS1 

RMB 


1 


0 011 0 

0 0 01 

0001 RNS2 

RMB 


1 


0 01 2 0 

0 0 02 

0001 NUM1 

RMB 


1 


0 013 0 

0 0 03 

0001 NUM2 

RMB 


1 


0 014 0 

0 0 04 

0001 NUM1A 

RMB 


1 


0 0145 



♦ 





00146 



♦ 





0 019 0 

OSES 



□RG 


1 0 0 0 


0 0195 



♦ 





0 0196 



♦ 





0 02 0 0 

03E8 

96 

02 MULT 

LDR 

R 

MUM 1 

;mumi=multiplier 

0 021 0 

03ER 

D6 

03 

LHR 

B 

NUM2 

; MUM2*MULTIPLICAND 

0 022 0 

03EC 

7F 

0 0 0 0 

CLR 


RMS1 


00230 

03EF 

7F 

0 0 01 

CLR 


RMS2 


0 024 0 

03F2 

oc 


CLC 




00250 

03F3 

CE 

0007 

LUX 


44 . T 

1 

5 LOOP COUMT 

0 026 0 

Q3F6 

97 

04 

STR 

R 

MUM 1R 


00270 

03 F 8 

4F 


CLR 

R 



0 028 0 

03F9 

76 

0 0 04 

ROR 


MUM 1R 


0 029 0 

03FC 

5D 

YY1 

TST 

E 


5 SET COMD. CODES RCC.TO B 

0 03 0 0 

03FD 

2 R 

02 

BF'L 


YY2 

5CHECK FOR R 1 IM BIT 7 

0 031 0 

03FF 

9E 

04 

RDD 

R 

MUM1R 

5OVERFLOW MOT POSSIBLE 

0 032 0 

04 01 

oc 

YY2 

CLC 




0 033 0 

04 02 

76 

0 0 04 

ROR 


MUM 1R 


0 034 0 

04 05 

58 


RSL 

B 



0 035 0 

04 06 

09 


HEX 




0 036 0 

04 07 

26 

F3 

BME 


YY1 

;CONTINUE UNTIL X=0 

0 037 0 

04 09 

97 

01 

STR 

R 

RMS2 


0 038 0 

04 OB 

CE 

0 0 08 

LDX 


nr O 

5LOOP COUNT 

0 039 0 

04 0E 

96 

02 

LDR 

R 

MUM 1 


0 04 0 0 

041 0 

97 

04 

STR 

R 

MUM1R 


0 041 0 

0412 

4F 


CLR 

R 



0 042 0 

0413 

D6 

03 

LHR 

B 

MUMS 


00430 

0415 

OC 

YY3 

CLC 




0 044 0 

0416 

56 


ROR 

B 



0 045 0 

0417 

24 

07 

BCC 


YY4 

5 IF CRRRY >INCREMENT RNS2 

00453 

0419 

9B 

04 

RDD 

R 

MUM 1R 


00456 

04 IB 

24 

03 

BCC 


YY4 


0 046 0 

04 in 

7C 

0 0 01 

INC 


RMS2 


0 0470 

042 0 

78 

0004 YY4 

RSL 


MUM 1R 


0 048 0 

0423 

09 


DEX 




00490 

0424 

26 

EF 

BME 


YY3 

5CONTINUE UNTIL X=0 

0 05 0 0 

0426 

97 

00 

STR 

R 

RMS1 


0 051 0 

0428 

39 


RTS 



JFINISHEDjEXIT TD MRIN 

iimkiiii 




MOM 




SYMBOL 

TRBLE 







RMS 1 
MULT 
TOP 

0000 

03E8 

RNS2 

YY1 

0001 

03FC 

NUM1 0002 

YY2 0401 

NUM2 

YY3 

0003 

0415 

NUMlfi 

YY4 

0004 

0420 

LIMNING 

TIME: 

69.4 

SECS 

I. O TIME : 

26.1 

SECS 
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MULTIPLY SUBROUTINE #2 

This subroutine multiplies two eight bit unsigned binary 
numbers. The product of the two eight bit numbers is formed by 
shifting the multiplier one bit to the right and checking for a 
one or zero. If a one is present, the multiplicand is added to 
the product (answer). 

The multiplicand is then shifted one bit to the left. This 
has the effect of multiplying the multiplicand by two. The 
multiplier is again shifted one bit to the right and the shifted 
bit checked for a one or zero. If it is a one, the shifted 
multiplicand is added to the product. The process is repeated 
until the multiplier has no more ones remaining. Whdn no more 
ones remain in the multiplier, the problem is finished and the 
product is the final product. 

Example 


Multiply 170 -^q x 5-^ = 850 


10 


170 10 = ^16 


5 = 05 


16 


1010 1010 
0000 0101 


1010 1010 
10 1010 10 


11 

3 


0101 | 0010 
5 2 


M 16 x 5 16 = 352 



16 


= 850 


Multiplicand (M) 

Multiplier (N) 

This one requires the multiplicand M 
to be added to product. 

This one requires the multiplicand shifted 
right twice (4 x M) to be added to the 
product. 

Since all remaining higher bits of the 
multiplier are zero, the problem is 
10 finished. 
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FLOW CHART OF MULTIPLY ROUTINE #2 



ZERO 


YES 
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- 1 - 


CMULT 


!'£•••• 0*5 •• 74 


100 MRM CMULT 
110 DPT MEM 
120 

13 0^EEV0 0i 

14 !)♦ 

13«> THIS SUERDUTIME 

16 ©♦ THE MULT IPI CRMD 

17 0^ THE MULTIPLIER 


1 'd ~3—74 Eh IMTEF 


MULTIPLIES TWO 3 BIT BYTES, 
IS STOPED IM BYTE MB 1 . 

IS STORED IM BYTE MB2. 


IS0* THE m 
19 ()♦ RMS2 . I S 
2Cn> RMSl.' I S 
2 1 0 
22 0 * 

c'UU ORb , U 
24 ()♦ 

c 3 U M £•' 1H R M B 


SULT IS STORED IM 


THE 
T HE 


Ur rcr 

LOWER 


BY TE 
BYTE 


BYTE •_ riM-.ii'. HMD RMSl 
OF THE RESULT. 

EF THE RESULT. 


♦ SHIFT 


26 0 

MB lj RMB 1 

♦ M U L T IP L1U R M D 

270 

MB* S’ME 1 

♦MULT IF'LIER 

23 0 

rlMSii RME 1 

♦UPPER BYTE EF 

29 0 

riNi 1 RMB 1 

♦uGWEF BY T E EF 

3 0 


31 0 

ORb I< 1 U 

■ * 

32 <)♦ 


33 0 

M»J L T C L R H 


34 0 

STR H RMS2 


33 0 

STR H RMS I 


36 0 

STR R MB 1 ft 


37 0 

LLR H MB2 

♦MBc-MUL 1 Ir'LIEF 

33 0 

BRR LOOP 1 


3 9 0 

LOOPS rlSL r-tt 1 ♦iHIFT MLiLflF 

4 0 0 

ROL MB 1 ri 

♦ M B 1 R —rrE R B i 

41 0 

LEOP 1 LSR R 

♦ SHiFT MULT IPL 

42 0 

ECO MOHDD 

♦SHIFT HMD DOM 

43 0 

LDR B MB 1 

♦HDD SHIFTED MUL 

44 0 

HDD B RMSl 

♦ 1□ RMS 1 HMD RM 

43 0 

-TR B HU:1 


46 0 

LDR B MBlR 


47 0 

R D •_ B RM S 2 

♦ ri M -i- c — U F F E R .B' 

43 0 

STR Bi RMS2 



RESULT 
RESULT 


LIC'flMD LEFT. 

TE OF MULTIPL1* 
IER RIGHT 
" T HDD 
L TIPL ICRMD— 


'HMD 


□F 


S3UL T 


49 0 
3 0 0 

31 0 

32 0 


TST^fik^ 

MORDD BME LOOPY 


EMD RTS 
MOM 


♦ z T h R T 
♦FtMlSHED!!! 


3 HIF TIM G R HIM 


, ,L ' . 


* *r*V- 

■&H-. r 


V ' 




Pfi'SE iSSSWtfSST 1£, 


ir 


mi 
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0 01 0 0 
0 011 0 
0 01 £ 0 
0 01 3 0 
Q 014 0 
0 0130 
0 016 0 
0 0170 
0 013 0 
0 019 0 
0 G£ 0 0 
0031 0 
00330 


MHM ..MULT 

OPT J0 C * 

♦REV003 13-3-74 BBINTER 

♦ 

♦ THIS SUBROUTINE MULTIPLIES TUG 3 BIT BYTES. 

♦ THE MULTIPICHNI ! IS STORED IN BVTE N B 1 . 

♦ THE MULTIPLIER IS STUPED IN BYTE NE'E. 

♦ THE_RESULT IS STORED IN BYTES HNG3. HMD RNS1 

♦ HHj-c.. I i- T He Urr'ER BYTE OF THE RESULT. 

♦ HH-.il . I■_ THe LO'.'Jcr BYTE OF THE RESULT. 


00230 

0 0 0 0 



OR 5 

o 


0024 0 



♦ 




00230 

0 0 0 0 

0 0 01 

NB1H 

RMB 

1 

f -HIFT MULTIFLICRMB STORE. 

0 026 0 

0 0 01 

0 0 01 

NB1 

R M E 

1 

♦ M L« L T IP L IC R E 

0 0270 

0 0 03 

0 0 01 

MBS 

RMB 

1 

♦MULTIPLIER 

00230 

0 0 03 

0 0 01 

HNS£ 

RMB 

1 

♦UPPER BYTE DF RESULT 

00290 

0 0 04 

0 0 01 

HNS 1 

RMB 

1 

♦ lD».mE'R BYTE OF RESULT 

00300 



♦ 




0031 0 

0 01 0 



DR 6 

5.1 0 


00 320 



♦ 




00330 

0 01 0 

4F 

MULT 

L-LR fi 



00340 

0 011 

97 03 


STfl A 

HNS2 


00350 

0 013 

97 04 


T A A 

HNS 1 


00360 

0 015 

97 00 


STh R 

NBl.fi 


00370 

0 017 

9r, IJc 


LER R 

MBS 

♦ME2-MUL TIPL IER 

00330 

0 01 ? 

20 06 


ERR 

LOOP 1 


00390 

0 01B 

73 OuOl 

LOOP 3 

R L 

NB 1 

♦ ::HIrT MULTIFL 1 GriMD LEFT •. 

00400 

0 01E 

79 0000 


RDL 

NB.1H 

♦MB1R-UPPER EYTE OF MUlTIPL 

0041 0 

0031 

44 

LOOP 1 

L 3 r R 


♦. HIFT MULTIFLIER! RIGHT 

00420 

0 033 

34 OH 


ECC 

NGHDD 

♦ SHIFT AMD DOM " T RED 

0043 0 

0034 

Lo < 1 


LDfl E 

NB 1 

♦RED ShIFTEE MULTIPLICAME— 

0044 0 

0 036 

he 4 


RED E 

HNS 1 

♦ TO R M S 1 A M Ii R M S 2 - 

00450 

O 033 

E7 04 


STfl B 

HNS 1 


0 0 4 0- 0 

0 03H 

B6 00 


L Ii R B 

NB 1H 


00470 

0 036 

D9 03 


R I) L B 

HNS 3 

♦ RM2~UF F ER BYTE OF RE3UL T 

0043 0 

0 03E 

H7 03 


SIR B 

HNS 3 


0049 0 

0 03 0 

4E 


T2T R 



00500 

0 031 

26 23 

NGHDD 

B i i E 

LuOF'3 

♦S T ART 3HI FTIMU RRRIM. 

0051 0 

0 033 

39 

END 

RTS 


♦ FIMI SHED!!! 


6 Y M B 0 L T H B L E 

NElfl 0000 NB1 
i '1U l T U u 1 U LOO F i r. 

PROGRAM STOP HT 0 

£0.34 UNITS 


O U O 1 11B c U U lj 3 H N i 3 

U 01E L DOP1 0 031 N0HDD 


0031 


HNS 1 
END 


0 0 04 
0 033 


USED 
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•. r i) 

PIA POLING ROUTINE #1 

The following routine illustrates one of the various techniques of 
determining which PIA has generated an interrupt. Recall that each PIA 

f.y _ 

has an A side and a B side which may cause the IRQ line to go low thus 
generating an interrupt. All the PIA interrupt lines are tied together 
and connected to the one interrupt input pin (IRQ) of the MPU. Conse¬ 
quently, when an interrupt is generated, some bit 6 or bit 7 of a PIA 
is set. The only way to determine where the interrupt came from is to 
poll bit 6 and bit 7 of each PIA control register to see if it is a 
"1" (thus an interrupt). ‘ 

This routine polls the control registers of two PIA's. It reads 
the contents of each control register and executes the BMI instruction 
which effectively checks to see if bit 7 is set. If bit 7 is not set, a 
RQL A instruction is executed which shifts bit 6 into bit 7 thus permitting 
use of the BMI instruction again. Once a set control bit is detected, it 
branches to a subroutine to service that particular interrupt. After 
servicing the interrupt, an RTI instruction is executed which causes the 
processor to return to whatever it was doing before the interrupt. 
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Flow Chart for PIA #1 Poling Routine 



0 
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Source Program for PIA #1 Poling Routine 


EDU2 12: 

09EST OE-'O ?■■•"? 5 


1 0 0 

NRM POLL 



110 

□PT MEM 



12 0 

PlfllflC EQU 

S4 0 05 


13 0 

PlfllBC EQU 

S4 0 0? 


14 0 

PIREflC EQU 

S4 0 09 


15 0 

PIREBC EQU 

S4008 


£ 0 0 

□ Rb SIUU 



cl 0 

POLL LDR R 

PlfllflC 


22 0 

BMI ROUT1 



£30 

RDL R 



£4 0 

EMI ROUTE 



£5 0 

LDR R PlfllBC 


£6 0 

BMI R0UT3 



£7 0 

ROL R 



£3 0 

BMI R0IJT4 



£9 0 

LDR R PIRE 

:hc 


3 0 0 

BMI ROUTS 



31 0 

ROL R 

# * •• - ■ 


3£ 0 

BMI ROUT6 



33 0 

LDR R PIRS 

:bc 


34 0 

BMI ROUT? 



35 0 

ROL R 

■i *- 


36 0 

BMI ROUTS 



37 0 

RTI 



38 0 

ROUTT MOP 

♦THIS IS PlfllflC Cfll SERVICE 

ROUTINE 

39 0 

RTI 

. 


4 0 0 

ROUTE MOP 

♦ THIS; IS PlfllflC CRE SERVICE 

ROUTINE 

4 1 0 

RTI 



4£ 0 

ROUT3 MOP 

♦THIS IS PlfllBC CB1 SERVICE 

ROUTINE 

43 0 

RTI 



44 0 

ROUT4 MOP 

♦THIS IS PlfllBC CBE SERVICE 

ROUTINE 

45 0 

RTI 



46 0 

ROUTS MOP 

♦THIS IS PIREflC Cfll SERVICE 

ROUTINE 

47 0 

RTI 



48 0 

ROUT6 MOP 

♦THIS IS PIREflC CRE SERVICE 

ROUTINE 

49 0 

RTI 



5 0 0 

ROUT? MOP 

♦THIS IS PIREBC CB1 SERVICE 

ROUT I ME 

51 0 

RTI 



5£ 0 

ROUTS MOP 

♦ THIS IS PIREBC: CBE SERVICE 

ROUTINE 

53 0 

RTI 



54 0 

MOM 
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Assembled Program for PIA #1 Poling Routine 


0 01 0 0 



NAM 


0 011 i.i 



OPT 


0 01 £' 0 

4 005 

PIfi1 AC 

EQIJ 


0 013 0 

4 007 

PIfilBC 

EQU 


0 014 0 

4 0 09 

PIfi2fiC 

EQIJ 


0 015 0 

4 0 08 

PIA2BC 

EQIJ 


00200 

01 0 0 


ORG 


0021 0 

0100 B6 4005 

POLL 

LDA 

fi 

0 022 0 

0103 £B 1C 


BMI 


00230 

0105 49 


ROL 

fi 

00240 

0106 2B IB 


BMI 


00250 

0108 B6 4007 


LDA 

fi 

00260 

010B 2B 18 


BMI 


00270 

010B 49 


ROL 

fi 

00280 

010E £E 17 


BMI 


00290 

0110 B6 4009 


LBA 

fi 

00300 

0113 2B 14 


BMI 


0031 0 

0115 49 


ROL 

fi 

00320 

0116 2E 13 


BMI 


00330 

0118 B6 4008 


LDA 

fi 

00340 

01 IB 2B 10 


BMI 


00350 

01 ID 49 


ROL 

fi 

00360 

01 IE £B OF 


BMI 


00370 

0120 3B 


RTI 


00380 

0121 01 

ROUT 1 

NOP 


00390 

0122 3B 


RTI 


0 0 4 0 0 

0123 01 

ROUT 2 

MOP 


0041 0 

0124 3B 


RTI 


00420 

0125 01 

ROUT 3 

MOP 


00430 

0126 3B 


RTI 


00440 

0127 01 

ROUT 4 

MOP 


00450 

0128 3B 


RTI 


00460 

0129 01 

ROUTS 

MOP 


00470 

012 fl 3B 


RTI 


00480 

012B 01 

ROUT 6 

MOP 


00490 

012C 3B 


RTI 


00500 

012H 01 

ROUT 7 

MOP 


0051 0 

012E 3B 


RTI 


00520 

012 F 01 

ROUTS 

MOP 


00530 

0130 3B 


RTI 


00540 



MOM 



POLL 
MEM 
$40 05 
$4 0 07 
$40 09 
$4 0 08 
$10 0 
PlfllflC 
ROUT 1 

ROUTS 
PIfilBC 
ROUT 3 

R0IJT4 

PIA2AC 

RDUT5 

R0UT6 

PIflSBC 

ROUT? 

ROUTS 


♦THIS 

IS PIfilfiC 

Cfil SERVICE 

♦THIS 

IS PIA1AC 

CA2 SERVICE 

♦THIS 

IS PIfilBC 

CB1 SERVICE 

♦THIS 

IS PIfilBC 

CBS SERVICE 

♦ THIS 

IS PIA2AC 

CA1 SERVICE 

♦THIS 

IS PIA2AC 

Cfi£ SERVICE 

♦THIS 

IS PIA2BC 

CB1 SERVICE 

♦THIS 

IS PIA2BC 

CBS SERVICE 
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PIA POLING ROUTINE #2 


The routine presented on the following pages describes a way of deter¬ 
mining where an interrupt came from out of a possible 16. (4 PIA's). Recall 
each PIA has an A side and a B side. Each side of each PIA has a control 
register of which bit 6 and/or bit 7 may get set if an interrupt came in on 
the interrupt lines (CA1, CA2, CB1, and CB2). As mentioned above, this is 
a way of poling the control registers for the interrupts. There are many 
other ways of accomplishing this task. 

This routine, called "POL" will read the control register of each PIA, 
starting with the first PIA and determine if bit 6 or bit 7 is set, thus 
indicating an interrupt. When an interrupt has been detected via bit 6 or 
bit 7 of the control register, the MPU will branch to a subroutine designated 
to service that particular interrupt. On completion of servicing an interrupt, 
the MPU starts the poling sequence again with the first PIA. Only after all 
control registers have been poled, and no interrupts detected, does the MPU 
return to the program it was executing before it was interrupted. A branch 
to POL (BRA POL) instruction must be the last instruction of each servicing 


routine. 
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Flow Chart for PIA #2 Poling Routine 


READ 

NEXT 

PIA 



NO 
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/ 




Source Program for PIA #2 Poling Routine 


PIRF'LL 16 s 07EST 0£-0 

100 NRM PIR 
105 DPT MEM 
110 DRG 0 
130 SETX RMB £ 

140 SPC 4 
150 DRG *£004 
160 PIR1RD RMB 1 
165 PIRIflC RMB 1 
170 PIR1BD RMB 1 
175 PIR1BC RMB 1 
130 PIR£RIi RMB 1 
185 PIR£RC RMB1 
190 PIfl£BD RMB1 
195 PIfl£BC RMB 1 
£00 ORG *£010 
£10 PIR3RD RMB 1 
£15 PIR3RD RMB 1 
££ 0 PIR3BD RMB 1 
££5 PIR3BC RMB 1 
3 U D R U * cl 0 £ 0 
£40 PIR4RD RMB 1 
£50 PIR4BD RMB1 





£55 PIR4BC RMB 1 

£60 SPC 4 
£70 DRG *1000 

£30 ♦ *1000 THRU *10£D RRE SERVICING ROUTINES 


c9 0 

♦ FOR THE 4 

3 0 0 

JMP 

ROUT 1 

31 0 

.IMP 

ROUTE- 

33 0 

JMP 

ROUTS 

33 0 

JMP 

R0UT4 

34 0 

JMP 

ROUTS 

35 0 

JMP 

ROUT 6 

36 0 

JMP 

R0UT7 

37 0 

JMP 

ROUTS 

33 0 

JMP 

ROUTS 

39 0 

JMP 

ROUT10 

4 0 0 

JMP 

ROUT11 

41 0 

JMP 

ROUT1£ 

43 0 

JMP 

ROUT13 

43 0 

JMP 

ROUT14 

44 0 

JMP 

ROUT15 

45 0 

JMP 

ROUT16 




/ 


/ 


/ 







Source Program for PIA #2 Poling Routine 


470 ♦ THIS is R SAMPLE ROUTINE FOR 
430 ♦ POLLING PIA INTERRUPTS 
490 SPC 3 
500 POL LDA A «®10 


51 0 

STA A SETX 

52 0 

CLR B 

525 

LDX “ 0 

53 0 

LDA A PIA1AC 

54 0 

AND A 11000000 

55 0 

BNE INTER 

56 0 

ADD B if 6 

57 0 

LDA A F’lAlBC 

53 0 

AND A if*:l 1 000000 

59 0 

BNE INTER 

6 0 0 

ADD B ^3 

61 0 

LDA A PIAclftll: 

62 0 

AND A “1 1 0 0 0 0 0 0 

63 0 

BNE INTER 

64 0 

ADD B “6 

65 0 

LDA A PIA2BC 

66 0 

AND A it"; 11 00000 0 

670 

BNE INTER 

68 0 

ADD B "6 

69 0 

LDA A F'I A3 AC 

7 0 0 

AND A if"; 11 00000 0 

71 0 

BNE INTER 

72 0 

ADD B 

7 3 0 

LDA A PIA3BC 

74 0 

AND A -'ill 00 0 000 

75 0 

BNE INTER 

76 0 

ADD B “6 

77 0 

LDA A PIA4AC 

78 0 

AND A -‘ill 00000O 

79 0 

BNE INTER 

3 0 0 

ADD B if6 

31J3 

LDA A PIA4BC 

82 0 

AND A it"; 1 1 0 0 0 0 0 0 

83 0 

BNE INTER 

84 0 

RTI 

845 

SPC 3 

350 INTER STA B SETX+1 

86 0 

LDX SETX 

865 

TST A 

8 7 0 

BMI SERVE 

88 0 

ADD B «3 

i”i cr 

J 

STA B SETX+1 

89 0 

LDX SETX 

9 0 0 S 

ERVE JMP 0 ? X JUMP 

9 01 ♦ 

BASED 

91 0 

MDN 


TD A SERVICE ROUTINE 










